Background: Problem-based learning (PBL) has made a major shift in support of student learning for many medical school curricula around the world. Since curricular development of PBL in the early 1970s and its growth in the 1980s and 1990s, there have been growing numbers of publications providing positive and negative data in regard to the curricular effectiveness of PBL. The purpose of this study was to explore supportive data for the four core objectives of PBL and to identify an interface between the objectives of PBL and a learner-centered paradigm. Methods: The four core PBL objectives, ie, structuring of knowledge and clinical context, clinical reasoning, self-directed learning, and intrinsic motivation, were used to search MEDLINE, the Education Resources Information Center, the Educator's Reference Complete, and PsycINFO from January 1969 to January 2011. The literature search was facilitated and narrowed if the published study included the following terms: "problem-based learning", "medical education", "traditional curriculum", and one of the above four PBL objectives. Results: Through a comprehensive search analysis, one can find supportive data for the effectiveness of a PBL curriculum in achieving the four core objectives of PBL. A further analysis of these four objectives suggests that there is an interface between PBL objectives and criteria from a learner-centered paradigm. In addition, this review indicates that promotion of teamwork among students is another interface that exists between PBL and a learner-centered paradigm. Conclusion: The desire of medical schools to enhance student learning and a need to provide an environment where students construct knowledge rather than receive knowledge have encouraged many medical schools to move into a learner-centered paradigm. Implementation of a PBL curriculum can be used as a prevailing starting point to develop not only a learnercentered paradigm, but also to facilitate a smooth curricular transition from a teacher-centered paradigm to a learner-centered paradigm.
Introduction
in the UK. In addition, PBL rapidly found its way into other disciplines, including education, law, business, and professional health sciences. 1, 2 In the years , over 60 medical schools adopted the PBL curriculum around the world. 1 Today, the vast majority of medical schools in Canada and approximately 80% of medical schools in the US have integrated PBL into their curricula. However, in half of the medical schools in the US, only a small portion (less than 10%) of their preclinical curriculum has been delivered in a PBL format. 3 In the early 1970s, the stakeholders at McMaster University described PBL as a learning tool in which learners focused on a problem and used their previously gained knowledge in order to think rationally about solving the problem. In this manner, it was suggested that PBL would motivate students to participate in active intellectual processes at higher cognitive levels which ultimately would enhance student learning and knowledge retention. 4 During the implemented PBL, students were introduced to the learning strategies related to problem-solving, self-directed learning, and small-group tutorials, in which tutors played an important role in facilitating student group discussions.
Since 1970, PBL has been used in different formats to assist the curricula of different medical schools in enhancing student learning and clinical skills. The most frequently used PBL format is characterized as generating a series of carefully chosen problems to be presented to students in a small group setting. The problems are simulated with authentic patient cases in which patients complain about a disease or disorder with clinical signs and symptoms. The student group meets twice a week for 2 or 3 hours per each meeting. Between these meetings, group members are expected to spend significant time on self-directed learning to find relevant information for further group discussions. Usually, students are free to choose their own resources. In the meetings, the student group discusses and analyzes the main points of a problem and synthesizes possible explanations and working hypotheses for the problem. During each group discussion, the group is guided by a faculty member (a tutor) whose assignment is to stimulate group discussion and to evaluate and monitor group members' contribution and progress in solving the problem. In addition, occasional lectures relevant to the problem may be given by the tutor. PBL problems are designed so that the student group is focused on simpler problems and progressively approaches more complex problems. For instance, the student group may work on insulin and its effect on carbohydrates and fatty acid metabolism before the group works on diabetic patient cases. This progressive sequence allows students to acquire knowledge using simpler problems, and use their knowledge, with newly added information, to solve more complicated clinical problems effectively. In addition, it is important to provide training for student groups to collaborate effectively with each other prior to receiving the problems and assignments. 5, 6 A learner-centered paradigm is a shift in higher education where lecture-based presentations and a passive transmission of knowledge from faculty to students is no longer the core of curriculum and student learning. 7 Rather, students are actively involved in their learning and are motivated to explore information actively to synthesize and construct new knowledge. Many colleges and schools have attempted to depart from a teacher-centered environment and move toward a learner-centered environment. 7, 8 This paradigm shift causes colleges and universities to ask how students are learning rather than how faculty are teaching. However, a paradigm shift does not occur overnight, and takes significant amounts of time and effort from administration, faculty, and students to facilitate the transition to a new environment. A systematic review of published studies was conducted in the present review to explore supportive data for the four core objectives of PBL. In addition, a further analysis of these published studies was carried out to indicate whether there was an interface between PBL objectives and a learner-centered paradigm.
Methods
The MEDLINE database was searched using different combinations of keywords (see Table 1 ) from January 1969 to January 2011. Because the MEDLINE database provided only journals relevant to healthcare, it was important to include other educational journals. As a result, the following key words: "problem based learning", "medical education", "traditional curriculum", and "self-directed learning" were used to search the Education Resources Information Center for 1969-2011 which produced three articles, the Educator's Reference Complete for 1980-2011 which produced three articles, and PsycINFO for 1969-2011 which produced one article. Papers were included if they met the criteria of PBL being implemented in a medical school and provided comparative data between PBL and traditional curricula.
Results
Huba and Freed have elegantly outlined and compared the criteria for teacher-centered and learner-centered paradigms (Table 2) . 7 As Huba and Freed point out, student learning is the ultimate goal that the educators should focus on and, as a result, they must shift from a traditional teaching model to a learner-centered model. 7 In a learner-centered environment, students are more active in a teamwork manner than a teacher-centered paradigm. Similarly, faculty are more engaged in accommodating and facilitating discussions among students, are encouraged to be innovative in teaching and assessment, integrate more disciplines into their teaching, and faculty and students assess student learning together. 7 On the other hand, in a teacher-centered paradigm, the focus is on how well a faculty teaches. Questions such as how well organized and accurate the lectures are, how well the presenters maintain student interest, and how well the material is presented, are the focus of teacher-centered instruction.
There are four major objectives of PBL that were well established by Barrows in 1986, which included structuring of knowledge and clinical context, clinical reasoning, selfdirected learning skills, and intrinsic motivation. 9 These objectives were originally established to expose students to real-life problems so that students could learn the craft of examining a patient's clinical problem, diagnosing it, and making an informed decision about appropriate action and treatment to remedy the problem. Figure 1 compares the PBL objectives of Barrows with a few criteria from the learner-centered model, and demonstrates an interface between all four objectives of PBL (gray box) and the listed learner-centered criteria (white box). In the following sections, a series of interfaces between PBL objectives and learner-centered criteria are presented and discussed.
Structuring of knowledge and clinical context
Student learning is based on structuring of knowledge rather than a passive memorization of facts. In order to structure knowledge, students analyze a problem, utilize their prior knowledge, and use and process new information to solve a problem or cope with an assignment. In a comparative study conducted by Van der Veken et al three different curricula (conventional, integrated contextual, and PBL) were compared using Vermunt's Inventory of Learning Styles to identify differences in student learning. In comparing PBL with the traditional curriculum, while students from the PBL curriculum gained fewer benefits from rote learning, rehearsing, and ability to express study content in a personal manner, they gained higher benefits in knowledge and self-regulation of learning. 10 In another study conducted by Visschers-Pleijers et al in which 48 medical students participated in six focus group interviews, the authors assessed how the PBL curriculum assisted students in integrating and applying knowledge in their learning. Their assessment results indicated that the main learning effects for students were retention, understanding, integration, and application of knowledge. 11 In addition, Kamin et al showed that a series of cases, presented in a PBL curriculum, assisted students in structuring their knowledge, conceptualizing how to handle difficult situations, differentiating between abnormal and normal physical examination findings, and developing critical thinking skills. 12 In a specific disease state, ie, hypertension, Shin et al showed that the graduates of their medical school with a PBL curriculum were more up to date on knowledge of the management of hypertension than graduates of a traditional curriculum. 13 The ability to structure knowledge in order to construct a correct answer is an important skill during clinical examinations in medical curricula. In a comparison study of PBL and traditional curricula, it has been suggested that PBL students perform better on clinical examinations than on basic science examinations. Teacher-centered paradigm Learner-centered paradigm Knowledge is transmitted from faculty to students in a passive traditional lecture-based format Students construct knowledge through active learning, self-directed learning, critical thinking, and problem-solving skills Emphasis is on how faculty teach Emphasis is on how students learn Faculty's role is to be primary information giver and primary evaluator 
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The above studies match well with a learner-centered environment that encourages students to construct knowledge through active learning, communication, critical thinking, and problem solving. 7 Structuring knowledge can assist students in using their knowledge more effectively in order to solve ill-defined medical cases. For instance, it has been suggested that the reason some students do not remember facts and concepts of a discipline or do not know when to use their knowledge, compared with experts (faculty) who do remember their knowledge, is that faculty's knowledge is well structured and organized in their memories. 15 This indicates assignments and problems that assist students in structuring their knowledge can promote the quality of student thinking and learning.
Clinical reasoning
Clinical reasoning skills are essential components of both didactic and experiential education at medical schools. They assist students in examining a patient's history, performing a physical examination, and evaluating all relevant clinical and laboratory data in order to achieve an effective therapeutic outcome. In a meta-analysis study, the effect of PBL during preclinical experience was assessed. The results indicated that the PBL experience was perceived very positively during the preclinical phase of student training and assisted students in building up their clinical competence during their first clerkship experiences. 16 In a similar study, in which a comparison was made between PBL and traditional curricula for clinical performance in a third-year medical clerkship, the results indicated that the preclinical PBL enhanced third-year students' clinical performance. 17 Characteristics and outcome data from PBL and traditional curricula were compared by Distlehorst et al. In several of their clerkship performance assessments, PBL students performed significantly better than students from the traditional curriculum. 18 In a series of studies conducted by Barrows, it was indicated that PBL enhanced student clinical reasoning and problem solving skills. 9, 19 It has been suggested that, in a PBL curriculum, the student's approach to solving a clinical case is different compared with a traditional curriculum. In a PBL curriculum, students not only study the clinical concepts of a case, but they also study the basic and social science concepts of the case in order to develop clinical reasoning skills. 
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PBL and a learner-centered paradigm
In a learner-centered environment, students establish their reasoning strategies by communicating their knowledge to address emerging issues in real-life contexts. 7 Quellmalz and Hoskyn have established many different reasoning strategies that can be applied in a learner-centered paradigm. A few of these reasoning strategies include comparing, error analysis, constructing support, analyzing perspectives, decision-making, investigation, experimental inquiry, problem-solving, and invention. 21 A closer look at these reasoning strategies and the PBL curriculum indicates that the PBL curriculum accommodates many of these reasoning strategies during student group discussions to encourage students to use their clinical reasoning more effectively. 9, 17, 19 Self-directed learning skills Self-directed learning skills demonstrate that students are self-guided and know how to use their knowledge and resources to complete problems or assignments.
8,22 Schmidt et al have described the roles of PBL tutors as facilitators in student group discussions, who share their knowledge when the assigned problems turn out to be too complex or when there is a lack of essential knowledge for the group to progress effectively with their discussions. 23 This is in line with the role of faculty in a learner-centered paradigm, ie, "professor's role is to coach and facilitate" rather than being the primary information giver. 7 In another study, Watmough et al conducted a study in which 45 physicians were interviewed to evaluate the impact of a PBL curriculum on their education and practice 6 years after their graduations. The study results indicated that the physicians felt they were clinically well prepared, with good clinical and communication skills, and had good self-directed learning and research skills. However, they felt their basic science knowledge level was weaker than traditional graduates. 24 In a comprehensive review study comparing PBL and traditional medical curricular conducted by Koh et al it was shown that self-directed learning skills from a PBL curriculum were rated by students as moderate. 25 However, their systematic review indicated that PBL had a positive effect on physicians' performance and competence after graduation. In a similar review study, Rao and Rao showed that PBL is the most effective way to foster students to be independent thinkers and problem solvers by becoming self-directed learners to gather necessary information to resolve specific clinical problems. 26 Rahman et al conducted a 2-year study to assess the knowledge and attitude of students before and after implementation of a PBL curriculum.
They demonstrated that the implementation of PBL significantly improved student skills in clinical knowledge, attitude, and practice. A majority of their students stated that PBL enhances self-directed learning. 27 In another study conducted from 1999 to 2002 in a medical school in India, the investigator indicated that the implementation of a PBL curriculum, alongside their traditional didactic curriculum, improved students' motivation in self-directed learning and benefited student learning by relating a clinical condition to a basic science mechanism. 28 In addition, in a review conducted by Norman and Schmidt, it was suggested that PBL enhanced student self-directed learning and made students more enthusiastic learners. 5 As a result of the role of the faculty as facilitator, rather than primary information giver, self-directed learning is strongly promoted in a learner-centered model. It has been suggested that when the faculty's role is to guide and coach, they provide an environment for students to discuss, explore the available resources, and use their own knowledge to make an informed judgment.
8,22,29
Intrinsic motivation
Behavioral psychologists have suggested that motivation plays an important role in student learning. 30 As a result, many medical schools are interested in implementing PBL because of its potential to enhance student motivation in learning. However, there is scarce research regarding the effect of PBL on intrinsic motivation. In a study by White, a PBL curriculum was compared with a traditional curriculum during the first and second academic years. The results indicated that the PBL curriculum had a positive impact on students, who found themselves motivated to learn, and were able to direct their motivation into effective transition from the classroom into their clerkship training. The authors concluded that self-regulated learning facilitated the transition from basic sciences to experiential experiences. 31 Indeed, Langelotz et al compared student motivation in learning from both traditional and PBL curricula during their fourth clinical semester, and found that the PBL in the surgical curriculum increased students motivation. 32 Similarly, Chang et al found that in a comparison between PBL and traditional curricula, students in a PBL curriculum cultivated their interest in anesthesia, increased their motivation to learn actively, and were more enthusiastic in anesthesia research. 33 Barrows and Tamblyn suggested that PBL increased student intrinsic motivation in learning, students were able to define their learning approach, and students decided what was important and relevant for their learning. 
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In a learner-centered paradigm, students are actively involved in their own learning because they are motivated. In a study conducted by Cheang, a series of surveys was developed to determine the effect of the learner-centered paradigm in enhancing students' intrinsic motivation to complete a pharmacy course. The results of this study indicated that goal orientation, control of learning, and self-efficacy, which were a few domains of motivation, were significantly improved and assisted students in developing learning skills and self-awareness. 35 Similarly, Spencer and Phipps, in their learner-centered study of a drug literature evaluation course, suggested that students had more control of their learning environment and had multiple opportunities to demonstrate their learning.
36
Teamwork
Teamwork is a trend that is clearly evident in the PBL curriculum in which student groups develop a common goal to complete a clinical case assignment. It has been suggested that a PBL curricular implementation can accommodate the needs for developing teamwork skills, 37 and PBL medical graduates, compared with traditional medical graduates, have learned better communication and teamwork skills. 38 Because the success of each individual is tied to the success of the team, students are motivated to help each other, which in turn promotes cooperative learning. 39 In addition, students who work on teamwork assignments achieve a high understanding of complex and difficult problems that is often challenging to achieve individually. 40 One apparent PBL objective, although not listed in the four objectives of Barrow, is teamwork. Teamwork is also one of the learner-centered criteria (Table 2) 7 which states that the culture of learning is cooperative, collaborative, and supportive (Figure 1 ) or, in other words, the culture is noncompetitive. In both PBL and a learner-centered paradigm, team members feel their contributions are appreciated and valued, that they make collective decisions, and focus on common goals. As Michaelsen and Sweet point out, teamwork provides an environment in which team members progress well, achieve a depth of understanding, identify their strengths and weaknesses, and the group develops into a self-managed learning team.
40
Discussion
The fast-paced stream of medical information, a high expectation from the medical accreditation and national board examination agencies, an intensive trend of basic science learning followed by demanding clinical training, and diverse student learning have encouraged many faculty and stakeholders at medical schools to innovate new curricular designs to promote student learning. There are virtually three curricula that are implemented by most medical schools in the US, ie, lecture-based, problem-based, and a combination of both. While the lecture-based curriculum is one of the most widely used instructional techniques, its effectiveness has been criticized and questioned for many years. 41 On the other hand, PBL has been cited by mounting literature as an effective curriculum that actively engages students in their learning. 2, 9, 34 However, a few data have brought into question the effectiveness of PBL in improving student overall learning and knowledge and the improvement of patient's health, physicians' knowledge and performance, [42] [43] [44] or have suggested that a PBL curriculum does not teach problem solving better than a traditional curriculum. 45 Despite the fact that the PBL curriculum has been endorsed by the Association of American Medical Colleges 46 and the World Federation of Medical Education, 47 surprisingly, there are few published data providing conclusive evidence that a PBL curriculum fosters more qualified physicians than any other curricula.
Despite a variation in the lengths of PBL curricula (at a course level versus at a program level) presenting a challenge in this study in terms of providing a pattern of consistent measures of the effectiveness of PBL, one can create an interface between PBL and a learner-centered paradigm. During the last 40 years, PBL has represented a major shift in educational practice, particularly in medical schools, and is one of the most studied and researched curricula in higher education. 34 On the other hand, since the mid 1980s, as a product of the Joint Task Force on Student Learning appointed by the American Association for Higher Education, the American College Personnel Association, and the National Association of Student Personnel Administrators, many universities and colleges have departed from a teacher-centered paradigm and moved toward a learner-centered paradigm. 7, 48 As suggested in the results section of this review, in a learner-centered paradigm, students construct knowledge through active learning, communication, critical thinking, and problem solving, which are also skills accommodated by a PBL curriculum. Structuring of knowledge and clinical context is a challenging task for medical students and often requires the faculty's intervention to facilitate this skill. In a PBL curricular activity, collaborative learning is encouraged to conduct effective discussions, integrate new information, and apply prior knowledge which, in turn, provides an environment where students can construct knowledge.
Clinical reasoning plays an important role in developing qualified physicians because it reinforces a cognitive process by which a clinical case is reviewed, analyzed, and explored to diagnose or suggest a therapeutic solution to a disease. 49 In other words, clinical reasoning skills develop when a student uses his/her knowledge effectively to review and address clinical issues in real-life contexts. Barrows, in his study, indicated that a PBL curriculum promotes clinical reasoning skills. 9 In a teacher-centered paradigm, students often face "black and white" assignments that are also called "well-defined". A pattern of solving these problems does not prepare students for real-life problems that often are "gray" or "ill-defined". 7 On the other hand, in a learnercentered environment, students are challenged to deal with "real-life" problems to promote their knowledge and skills in areas of inquiry, reasoning, and problem solving 7 which ultimately will assist them in developing their clinical reasoning skill. Promoting self-directed learning skills is a challenging process for faculty members and students. In a learner-centered paradigm, the role of the faculty is to coach and facilitate, 7 which ultimately encourages students to be self-guided and know how to use their knowledge and resources to complete a clinical case assignment. 8, 22 There is increasing evidence that, in a PBL curriculum, compared with a traditional curriculum, students are more self-directed and enthusiastic learners, which ultimately promotes graduates to be life-long learners. 9, 50, 51 In an interesting study, medical students' engagements in borrowing study material from libraries was compared between PBL students and traditional students. The results revealed that PBL students borrowed more material (67 books/student/year) than the traditional students (43 books/student/year). In addition, this difference was amplified during the clerkship, ie, 40 books/student/ year compared with 11 books/student/year. 52 The latter result indicated that students were enthusiastic learners, with a desire to explore and acquire more information in a self-directed manner.
Intrinsic motivation has been identified as one of the driving factors that ignites student's interest in issues relevant to problems. When students are confronted with problems that they do not understand easily, they will actively seek information to solve the presented problems. 53 In line with the criterion for a learner-centered paradigm that states students are actively involved in their own learning, students must be motivated in order to be involved actively in their learning. Attending presentations and watching a series of faculty notes, the trends in a teacher-centered paradigm, do not support student learning. This review suggests that there is an additional interface, ie, teamwork, which exists between PBL and learnercentered curricula. In teamwork, each team member brings a diverse set of knowledge, skills, experience, and expertise, not only to complement but also to support one another's strengths. 54 Collaborative learning is a trend that is evident in a PBL curriculum in which students have a common goal to complete a clinical case assignment. The most recent Accreditation Council for Graduate Medical Education standards in 2011 emphasizes the role of teamwork in training medical residents. This standard states that "Residents must care for patients in an environment that maximizes effective communication. This must include the opportunity to work as a member of effective interprofessional teams that are appropriate to the delivery of care in the specialty". 55 This statement stresses the importance of teamwork in the graduate medical education, which is consistent with the teamwork that PBL and learner-centered curricula accommodate. The teamwork objective, although it is not listed in the four objectives of Barrow, corresponds to one of the learner-centered criteria ( Table 2 ) that identifies the culture of learning as cooperative, collaborative, and supportive ( Figure 1) .
In addition to the interfaces between a PBL paradigm and a learner-centered paradigm identified above, Huba and Freed have developed eight hallmarks for a learner-centered paradigm. 56 Many of these hallmarks are also supported by the PBL curriculum, ie, learners are actively involved and receive feedback, apply knowledge to enduring and emerging issues and problems, and integrate discipline-based knowledge and general skills.
Finally, it is worth mentioning that tutors have a critical role in the PBL process. A tutor's way of coaching can change the interface between a PBL curriculum and a learnercentered paradigm. In order to maintain the interface between these two curricula, special attention needs to be paid to train tutors in a PBL process. For instance, when tutors are confronted with problems in group work, such as students who do not actively participate in group discussions or do not contribute to achieve the goals of the study, those tutors who implement solutions to problems or cases are characterized as teachers in a teacher-centered paradigm rather than facilitators in a learner-centered paradigm. 57 The information presented in this review shows that there is adequate support to create an interface between the objectives of PBL and a learner-centered paradigm. In addition, the faculty's role as a facilitator, involving students in evaluating student learning, and intertwining teaching and assessment, are other components of a learner-centered paradigm that often are visible in a PBL curriculum. These parallel matches indicate that implementing a PBL curriculum can facilitate a smooth transition from a teacher-centered paradigm to a learner-centered paradigm. The Flexner report of 1910 has influenced medical education in the US and Canada in a positive way. 58 This report emphasized the importance of applying alternative instructional methods that stressed active learning for medical students. Indeed, what Flexner was referring to was similar to what PBL and learner-centered curricula refer to regarding replacing student's passive learning with an active learning process. However, it is important to stress that a theoretical wellmatched alignment between a PBL objective and a learnercentered criterion does not justify an interface between a PBL curriculum and a learner-centered paradigm. In other words, there must be existing data to support a coherent curricular interface.
It is worth mentioning that this review has a number of limitations. Firstly, the Educator's Reference Complete database did not provide data prior to January 1969 (data were only available for 1980 on wards). Secondly, whilst the literature search yielded compelling data that PBL supports student learning, the impact of PBL on improving physician interaction and communication with patients and other healthcare providers has not been researched to any significant extent. Lastly, the inconsistency in the development and implementation of different PBL formats among medical schools made this review a challenging task to provide a pattern of consistent measures of the effectiveness of PBL.
Conclusion
Data published since 1969 in regards to PBL and traditional curricula in medical schools have been explored and reviewed. A comparison between these two curricula suggests that there are similarities between PBL objectives and curricular benefits that a learner-centered paradigm provides. This paper is distinguished from other articles with regard to the effects of PBL curriculum in medical schools because it depicts a supportive interface between a few criteria from a learner-centered paradigm and the four major objectives of PBL. Because of this coherent interface, medical schools interested in departing from a teacher-centered environment and moving toward a learner-centered environment can implement a PBL curriculum to begin a smooth shift from their current teaching model.
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